Introduction
============

Diabetes is a critical public health problem. Globally, over the past few decades, the magnitude of diabetes among adults aged ≥18 years has risen dramatically, with the number of patients with diabetes in 2014 reaching 422 million. The middle- and low-income countries in particular are under the greatest threat and according to the 2016 WHO report,[@b1-dmso-11-523] these countries are also expected to experience the greatest increase in the prevalence of diabetes over the next few years. Locally, the prevalence of diabetes in Saudi Arabia was assessed to be 25.4% among people aged between 20 and 79 years.[@b2-dmso-11-523],[@b3-dmso-11-523]

Until the mid-20th century, sleep was thought of as a dormant part of our daily lives, however, this turned out to be inaccurate because our brains are active during sleep.[@b4-dmso-11-523] Sleep is a complex, very organized condition that is fundamental to life.[@b5-dmso-11-523] It is an essential biological process that maintains physical, mental, and emotional health.[@b6-dmso-11-523] Sleep quality is defined as one's perception that they fall asleep easily, for an adequate duration of time so as to wake up feeling rested, and can make it through the day without facing excessive daytime sleepiness.[@b7-dmso-11-523]

Poor sleep quality is a prevalent health problem among patients with diabetes. It is estimated that 53.4% of diabetic patients experience a poor quality of sleep compared to 29% in general population.[@b8-dmso-11-523] Concerns over poor sleep quality among patients with diabetes have increased in recent years, but the implicated risk factors of poor sleep quality remain uncertain. Different factors that may affect the sleep quality of patients with diabetes have been suggested by many studies, including sociodemographic, clinical, and diabetes-related factors, such as duration of diabetes, diabetic complications, presence of comorbidity,[@b9-dmso-11-523] uncontrolled glycosylated hemoglobin,[@b10-dmso-11-523] abnormal body mass index (BMI),[@b11-dmso-11-523] insulin use,[@b12-dmso-11-523] and psychological factors.[@b13-dmso-11-523]

The effects of unhealthy sleep pattern on the body are numerous and widely varied, spanning different body systems. Accumulated evidence shows that, disturbed sleep is an important factor associated with the impairment of the entire spectrum of mental abilities, ranging from simple to more complicated mental functions,[@b14-dmso-11-523] which can lead to deficits in alertness and cognitive performance,[@b15-dmso-11-523] and occurrence of accidents.[@b16-dmso-11-523] Moreover, many adverse physiological effects can occur due to this disturbance, including high blood pressure, impairment of glucose control, and an increase in the body inflammation process.[@b17-dmso-11-523],[@b18-dmso-11-523] In addition, management of poor sleep quality in patients with diabetes is important as it has been recognized as one of the causes that can lead to several complications experienced by diabetic patients. It is related with negative physical, mental, and functional consequences.[@b19-dmso-11-523] Poor quality of sleep has been found to be a crucial factor for bad glycemic control,[@b20-dmso-11-523] moreover, it can lead to many complications, such as cardiovascular diseases,[@b21-dmso-11-523] neuropathy,[@b22-dmso-11-523] retinopathy,[@b23-dmso-11-523] nephropathy,[@b24-dmso-11-523] and psychological distress.[@b25-dmso-11-523]

Therefore, it is critical to investigate the risk factors associated with poor sleep quality among patients with diabetes to improve their quality of sleep. The purpose of this research study was to determine the prevalence of poor sleep quality among patients with diabetes and to investigate the factors that affect their sleep.

Patients and methods
====================

Design, setting, and participants
---------------------------------

This is an analytical cross-sectional study that was conducted on patients with diabetes, at primary health care centers (PHCCs) in Jazan during the period from October 2017 to April 2018. The study included participants aged ≥18 years, who were diagnosed with diabetes for at least 1 year. Patients with known psychiatric disorders, on sleeping pills, who are pregnant, or working night shifts were excluded.

Sampling procedure
------------------

Sample size was calculated using Swanson and Cohen method,[@b26-dmso-11-523] according to the following parameters: 73% estimated prevalence in the population,[@b12-dmso-11-523] 0.05 margin of error, and 95% CI. The calculated sample size was 302 subjects adjusted to be 332 to account for 10% nonresponse rate. A multistage cluster random sampling technique was followed to select eight PHCCs. A random sample was selected from each primary health care center proportionally.

Data collection and study instruments
-------------------------------------

The data collection tools included sociodemographic characteristics, clinical-related variables, and a sleep quality assessment questionnaire. The patients were interviewed by a trained physician in order to collect the data. Sociodemographic section gathered information about age, gender, occupation, marital status, education level, personal habits, and physical activity. The clinically related variable section comprises information about diabetes duration, complications (retinopathy, nephropathy, neuropathy, or cardiovascular), comorbidity (hypertension, bronchial asthma, chronic obstructive pulmonary disease, gastroesophageal reflux disease), medications, HbA1c, BMI, and psychological factors. The study utilized three standardized and validated tools, namely global physical activity questionnaire (GPAQ), depression, anxiety, and stress scale (DASS), and Pittsburgh Sleep Quality Index (PSQI).

### PSQI

PSQI is a standardized subjective tool to assess sleep quality over the past month. It consists of seven component scales: sleep disturbances, sleep duration, sleep latency, sleep efficiency, use of sleep medication, daytime dysfunction, and sleep quality. Each component is scored from 0 to 3. The seven component scores are summed up to yield a global PSQI score ranging from 0 to 21. A subject with an overall PSQI score \>5 is considered to have poor sleep quality.[@b27-dmso-11-523] A validated Arabic version of PSQI was utilized.[@b28-dmso-11-523]

### GPAQ

GPAQ is a tool that was developed by WHO to assess the physical activity, and it measures physical activity in three domains: activities at work, transportation, and leisure. If the total physical activity metabolic equivalent minutes per week is \>600, the subject is classified as physically active.[@b29-dmso-11-523]

### DASS

DASS is a standardized and validated instrument. It includes three self-reported scales with seven items for each scale, that are intended to evaluate the psychological states of depression, anxiety, and stress. The 4-point severity scale is used to rate the degree to which the participant has experienced each item. Scores for each emotional state are calculated by adding the scores for the relevant items.[@b30-dmso-11-523]

Data management and statistical analysis
----------------------------------------

Data entry and analysis were achieved using the Statistical Package for Social Sciences version 23 for Windows (IBM Corporation, Armonk, NY, USA). The data analysis includes both descriptive and inferential statistics. The descriptive statistics were calculated in the form of frequency counts and percentages. For the quantitative variables, mean and SD were used. Sleep quality status was the dependent variable of the study, and various sociodemographic and clinical variables were considered as independent variables. The chi-squared test was used to test the statistical significance of associations. Univariate logistic regression analysis was performed to evaluate the association between various independent variables and sleep quality. To estimate the effect of explanatory variables on the sleep quality, the multivariate logistic regression analysis was performed. *P*-value \<0.05 was considered statistically significant.

Ethical considerations
----------------------

The study was approved by the Ethics Committee of King Khalid University, Saudi Arabia (approved number: REC\#20180142). Each participant was provided with detailed information about the research and was assured of confidentiality. Written informed consent was obtained, and participants were aware of their right to participate or withdraw from the study at any time.

Results
=======

Sociodemographic and clinical characteristics
---------------------------------------------

A total of 307 participants were included in the analysis, giving a response rate of 92.5%. According to [Table 1](#t1-dmso-11-523){ref-type="table"}, the mean age was 53.8±12.3 years, with almost an equal distribution of gender in the sample, with 48% being females. Approximately 80% were married and one-third were illiterate. Among the study participants, 21.2% were smokers, 18.2% were khat users, and 62.2% were physically inactive. Diabetic complications were exhibited by 48.5% of participants, while comorbidity was present in 58%. Twenty-eight percent were using insulin. Fifty-nine percent were considered uncontrolled based on them having a HbA1c \>7%. Two-thirds of the participants had been classified as overweight or obese. Abnormal scores of depression, anxiety, and stress were 24.4%, 45%, and 27.7%, respectively.

### Sleep quality among study participants

The PSQI was used to assess the participants' sleep quality status. The mean score was 5.29±2.73. Based on the respective criteria, 170 participants (55.4%) had a poor sleep quality with a cutoff point of PSQI score \>5.[@b27-dmso-11-523] [Table 2](#t2-dmso-11-523){ref-type="table"} displays the association between the patients' sociodemographic characteristics and poor sleep quality. Forty percent of participants aged \<45 years had poor sleep quality, and this percentage increased to 55.4% and 62% in the higher age categories of 45--55 and \>55 years, respectively (*P*=0.012). The majority (66.9%) of females reported poor sleep quality, while this was in the minority for males (44.7%) (*P*\<0.001). Poor sleep quality was higher (78.9%) among the illiterate, compared to educated patients (*P*\<0.001). Compared to those who were employed, poor sleep quality was reported by majority (59.7%) of unemployed participants (*P*=0.043). In addition, poor sleep quality was more prevalent among smokers (*P*=0.005), khat users (*P*\<0.001), and participants who were physically inactive (*P*=0.004). The associations between both marital status and sleep quality and coffee consumption and sleep quality were not statistically significant (*P*=0.154 and *P*=0.56, respectively).

[Table 3](#t3-dmso-11-523){ref-type="table"} shows the associations between the patients' clinical characteristics and poor sleep quality. Poor sleep quality was more prevalent among participants who had diabetes for a longer duration (*P*\<0.001), had diabetes complications (*P*\<0.001), had a comorbidity (*P*\<0.001), were being treated with insulin (*P*=0.036), had uncontrolled diabetes (HbA1c \>7%) (*P*\<0.001), had psychological symptoms (*P*\<0.001), and had an abnormal BMI. The percentages of poor sleep quality among overweight and obese participants were 61.2% and 64.9%, respectively, compared to 38% of the participants whose weight was normal (*P*\<0.001). However, there was no statistically significant association between diabetes type and poor sleep quality (*P*=0.804).

### Predictors of poor sleep quality

[Table 4](#t4-dmso-11-523){ref-type="table"} shows the results of the univariate and multivariate logistic regression analyses. The univariate analysis at 95% CI shows that the statistically significant predictors of poor sleep quality were: being elderly (particularly aged \>55 years), female, illiterate, unemployed, smoker, khat user, physically inactive, overweight or obese, on insulin treatment, having diabetes for \>10 years, having diabetes complications, having comorbid conditions, uncontrolled diabetes, and psychiatric symptoms. The full model comprising all of the predictors in the multivariate logistic regression analysis was statistically significant (*P*\<0.001). Only eight independent variables made a statistically significant contribution to the model, namely female, illiterate, smoker, khat user, diabetes mellitus (DM) complications, comorbidity, overweight or obese, and anxiety. The strongest predictor of reporting poor sleep quality was the female gender, with this gender being 3.69 times more likely to report poor sleep quality than the male gender. OR~female\ vs\ male~ =3.69 (95% CI 1.651--8.276; *P*\<0.001).

Discussion
==========

In this study, poor sleep quality was present in more than half of the participants (55.4%). This prevalence is similar to the studies conducted by Cunha et al and Luyster et al.[@b31-dmso-11-523],[@b32-dmso-11-523] Some studies have shown a higher prevalence, such as those by Yücel et al and Colbay et al;[@b33-dmso-11-523],[@b34-dmso-11-523] however, these studies targeted diabetic patients in tertiary or referral hospitals, thus the risk of poor sleep quality for such patients seems to be higher. The present study shows that there is a higher prevalence of poor sleep quality among patients who are older, female, illiterate, or unemployed. This is consistent with the studies of Lou et al, Nefs et al, and Alqurayn et al.[@b9-dmso-11-523],[@b11-dmso-11-523],[@b13-dmso-11-523] Regarding age and poor sleep quality, age-related sleep changes could explain the association, as age increases, sleep becomes less efficient.[@b35-dmso-11-523] Female subjects in this study have some unfavorable sociodemographic and clinical characteristics compared with male subjects, such as higher BMI, less physical activity, and more diabetes complications. In addition, being illiterate may decrease the level of awareness regarding diabetes and its consequences, and increase the probability of poor sleep quality. The current study did not find a statistically significant relationship between coffee consumption and sleep quality. In fact, evidence of the effect of caffeinated drinks on the nature of sleep does exist; however, this effect is temporary, and drinking caffeinated beverages 6 hours prior to bed-time does not affect sleep, as shown by Drake et al.[@b36-dmso-11-523] In the current study, the majority of participants who drank caffeinated beverages usually did so in the morning or afternoon. However, the effect of caffeine at bed-time, which was set at 10:30 pm for the current study, should be eliminated. In the current study, most of the smokers, khat users, and physically inactive participants reported poor sleep quality. This is consistent with studies by Nefs et al and Alqurayn et al.[@b11-dmso-11-523],[@b13-dmso-11-523] Another study that found no significant association between sleep quality and smoking was the one conducted by Alshenghiti et al.[@b37-dmso-11-523] In fact, the effect of smoking on sleep quality has been established by many studies. These studies confirm the impact of smoking on sleep, such as sleep architecture disturbance.[@b38-dmso-11-523] The use of khat also has a big effect on sleep quality,[@b39-dmso-11-523] which mainly increase the sleep latency and decrease the efficiency of sleep.[@b40-dmso-11-523] Regarding physical activity, interestingly, an interventional study was conducted during 2011 to assess the effects of four months of increased physical activity on sleep quality among diabetic patients. This study found a greater improvement in sleep quality in the intervention group compared to the control group.[@b41-dmso-11-523] In the current study, no significant association was found between DM type (type 1 or type 2) and sleep quality. This finding is consistent with studies conducted by Nefs et al and Denic-Roberts et al.[@b11-dmso-11-523],[@b42-dmso-11-523] Poor sleep quality was more prevalent among participants who had diabetes for a longer duration, particularly, \>10 years, DM complications, comorbidities, uncontrolled diabetes, and an abnormal BMI, as well as those using insulin treatment. This finding is in line with the majority of studies, including studies by, Cunha et al, Yücel et al, and Colbay et al.[@b31-dmso-11-523],[@b33-dmso-11-523],[@b34-dmso-11-523] In addition, poor sleep quality was higher among patients with psychiatric symptoms, such as depression, anxiety, and stress. This finding is consistent with findings presented in studies by Luyster et al, Denic-Roberts et al, and Yücel et al.[@b32-dmso-11-523],[@b33-dmso-11-523],[@b42-dmso-11-523] This study has some limitations. First, the sleep quality was subjectively assessed using the PSQI. Apart from its acceptance as a standardized tool, it is not an objective measure like polysomnography. Second, a cross-sectional design can only suggest an association. Finally, the study lacks a healthy, nondiabetic control group to assess direct comparison.

Conclusion
==========

Poor sleep quality among diabetic patients is a prevalent health problem. Several factors can affect sleep quality. Based on the study findings, it is important for health care providers to detect and manage sleep problems in patients with diabetes as a part of their routine management, especially in patients who are female, illiterate, having diabetes for \>10 years, having at least one diabetes complication, or comorbid condition, in order to prevent the effects of poor sleep quality.

Data availability
=================

The data used to support the findings of this study are available from the corresponding author upon request.
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###### 

Sociodemographic and clinical characteristics of participants by gender

  Variable                 Male (n=159)   Female (n=148)   Overall (n=307)
  ------------------------ -------------- ---------------- -----------------
  Age (years), mean ± SD   55.2±12.3      52.3±12.2        53.8±12.3
   \<45                    32 (20.1%)     33 (22.3%)       65 (21.2%)
   45--55                  41 (25.8%)     51 (34.5%)       92 (30%)
   \>55                    86 (54.1%)     64 (43.2%)       150 (48.9%)
  Married                  151 (95%)      100 (67.6%)      251 (81.1%)
  Illiterate               32 (20.2%)     63 (42.6%)       95 (30.9%)
  School education         81 (50.9%)     56 (37.8%)       137 (44.7%)
  University graduate      46 (28.9%)     29 (19.6%)       75 (24.4%)
  Student                  3 (1.9%)       4 (2.7%)         7 (2.3%)
  Employed                 81 (50.9%)     30 (20.3%)       111 (36.2%)
  Retired/unemployed       75 (47.2%)     114 (77%)        189 (61.5%)
  Smokers                  59 (37.1%)     6 (4.1%)         65 (21.2%)
  Khat users               51 (32.1%)     5 (3.4%)         56 (18.2%)
  Coffee consumers         95 (59.7%)     101 (68.2%)      196 (63.8%)
  Physically active        79 (49.7%)     37 (25%)         116 (37.8%)
  DM type 1                6 (3.8%)       13 (8.8%)        19 (6.2%)
  DM type 2                153 (96.2)     135 (91.2%)      288 (93.8%)
  DM duration \>10 years   75 (47.2%)     60 (40.5%)       135 (44%)
  DM complication          74 (46.5%)     75 (50.7%)       149 (48.5%)
  Comorbidity              93 (58.5%)     85 (57.4%)       178 (58%)
  Insulin use              45 (28.3%)     43 (29.1%)       88 (28.7%)
  HbA1c, mean ± SD         8.1±1.9        7.4±1.6          7.7±1.7
  DM controlled            55 (34.6%)     71 (48%)         126 (41%)
  BMI, mean ± SD           28.1±5.5       29.5±5.9         28.7±5.7
  Normal weight            58 (36.5%)     35 (23.6%)       93 (30.2%)
  Overweight               49 (30.8%)     54 (36.5%)       103 (33.6%)
  Obese                    52 (32.7%)     59 (39.9%)       111 (36.2%)
  Depression symptoms      17 (10.7%)     58 (39.2%)       75 (24.4%)
  Anxiety symptoms         50 (31.4%)     88 (59.5%)       138 (45%)
  Stress symptoms          40 (25.2%)     45 (30.4%)       85 (27.7%)

**Abbreviations:** BMI, body mass index; DM, diabetes mellitus.

###### 

Sleep quality among the participants according to sociodemographic variables

  Variable             Poor sleep quality, N (%)   95% CI       *P*-value
  -------------------- --------------------------- ------------ -----------
  Age (years)                                                   
   \<45                26 (40)                     0.29--0.52   
   45--55              51 (55.4)                   0.45--0.65   
   \>55                93 (62)                     0.54--0.69   0.012
  Sex                                                           
   Male                71 (44.7)                   0.37--0.52   
   Female              99 (66.9)                   0.59--0.74   \<0.001
  Marital status                                                
   Single              8 (33.3)                    0.18--0.53   
   Married             143 (57.0)                  0.51--0.63   
   Widowed             17 (58.6)                   0.41--0.74   0.154
  Education level                                               
   Illiterate          75 (78.9)                   0.70--0.86   
   Educated            95 (44.8)                   0.38--0.51   \<0.001
  Employment                                                    
   Employed            53 (47.7)                   0.39--0.57   
   Unemployed          117 (59.7)                  0.53--0.66   0.043
  Coffee consumption                                            
   Yes                 111 (56.6)                  0.49--0.63   
   No                  59 (53.2)                   0.44--0.62   0.556
  Smoking status                                                
   Yes                 46 (70.8)                   0.58--0.80   
   No                  124 (51.2)                  0.45--0.57   0.005
  Khat status                                                   
   Yes                 43 (75.4)                   0.63--0.85   
   No                  127 (50.8)                  0.44--0.56   \<0.001
  Physical activity                                             
   Active              52 (44.8)                   0.36--0.53   
   Inactive            118 (61.8)                  0.54--0.68   0.004

###### 

Sleep quality among the participants according to clinical variables

  Variable              Poor sleep quality, N (%)   95% CI       *P*-value
  --------------------- --------------------------- ------------ -----------
  DM type                                                        
   Type 1               10 (52.6)                   0.31--0.72   
   Type 2               160 (55.6)                  0.49--0.61   0.804
  DM duration (years)                                            
   ≤10                  79 (45.9)                   0.38--0.53   
   \>10                 91 (67.4)                   0.59--0.74   \<0.001
  DM complications                                               
   Present              108 (72.5)                  0.64--0.79   
   Absent               62 (39.2)                   0.31--0.47   \<0.001
  Comorbidity                                                    
   Present              118 (66.3)                  0.59--0.72   
   Absent               52 (40.3)                   0.32--0.48   \<0.001
  Treatment type                                                 
   Pills                113 (51.6)                  0.45--0.58   
   Insulin              57 (64.8)                   0.54--0.73   0.036
  HbA1c                                                          
   Controlled           50 (39.7)                   0.31--0.48   
   Uncontrolled         120 (66.3)                  0.59--0.72   \<0.001
  BMI                                                            
   Normal weight        36 (38)                     0.29--0.48   
   Overweight           63 (61.2)                   0.51--0.70   
   Obese                71 (64)                     0.55--0.72   \<0.001
  Depression symptoms                                            
   Present              57 (76.0)                   0.65--0.84   
   Absent               113 (48.7)                  0.42--0.55   \<0.001
  Anxiety symptoms                                               
   Present              101 (73.2)                  0.65--0.79   
   Absent               69 (40.8)                   0.33--0.48   \<0.001
  Stress symptoms                                                
   Present              62 (72.9)                   0.62--0.81   
   Absent               108 (48.6)                  0.42--0.55   \<0.001
   Overall prevalence   170 (55.4)                  0.49--0.61   

**Note:** *P*-value \<0.05.

**Abbreviations:** BMI, body mass index; DM, diabetes mellitus.

###### 

Results of logistic regression analysis between patient characteristics and poor sleep quality

  Variable            Univariate analysis   Multivariate analysis             
  ------------------- --------------------- ----------------------- --------- ----------------------
  Age (years)                                                                 
   \<45                                     1                                 1
   45--55             0.058                 1.866 (0.980--3.554)    0.950     1.027 (0.441--2.392)
   \>55               0.003                 2.447 (1.349--4.441)    0.761     0.865 (0.339--2.204)
  Sex                                                                         
   Male                                     1                                 1
   Female             \<0.001               2.504 (1.575--3.981)    \<0.001   3.696 (1.651--8.276)
  Education level                                                             
   Educated                                 1                                 1
   Illiterate         \<0.001               4.618 (2.631--8.107)    0.005     2.802 (1.357--5.785)
  Employment status                                                           
   Employed                                 1                                 1
   Unemployed         0.044                 1.621 (1.014--2.591)    0.524     0.792 (0.388--1.620)
  Smoking status                                                              
   No                                       1                                 1
   Yes                0.006                 2.304 (1.276--4.160)    0.009     3.104 (1.333--7.229)
  Khat status                                                                 
   No                                       1                                 1
   Yes                \<0.001               2.975 (1.550--5.710)    0.006     3.560 (1.437--8.815)
  Physical activity                                                           
   Active                                   1                                 1
   Inactive           0.004                 1.989 (1.246--3.177)    0.170     1.555 (0.827--2.921)
  DM duration                                                                 
   ≤10 year                                 1                                 1
   \>10 year          \<0.001               2.435 (1.524--3.889)    0.999     1.001 (0.484--2.070)
  DM complication                                                             
   Absent                                   1                                 1
   Present            \<0.001               4.079 (2.522--6.597)    0.012     2.499 (1.226--5.092)
  Comorbidity                                                                 
   Absent                                   1                                 1
   Present            \<0.001               2.912 (1.821--4.657)    0.002     2.784 (1.472--5.266)
  Treatment type                                                              
   Pills                                    1                                 1
   Insulin            0.037                 1.725 (1.034--2.876)    0.712     1.148 (0.551--2.392)
  HbA1c                                                                       
   Controlled                               1                                 1
   Uncontrolled       \<0.001               2.990 (1.866--4.792)    0.200     1.544 (0.795--3.001)
  BMI                                                                         
   Normal                                   1                                 1
   Abnormal           \<0.001               2.832 (1.712--4.683)    0.006     2.583 (1.319--5.060)
  Depression                                                                  
   Normal                                   1                                 1
   depressed          \<0.001               3.335 (1.850--6.011)    0.995     1.003 (0.385--2.615)
  Anxiety                                                                     
   Normal                                   1                                 1
   Anxious            \<0.001               3.956 (2.434--6.430)    0.006     2.783 (1.342--5.773)
  Stress                                                                      
   Normal                                   1                                 1
   Stressed           \<0.001               2.845 (1.648--4.913)    0.337     1.503 (0.654--3.454)

**Note:** The categories of the predictive variables that received odds ratios of 1.00 are reference categories.

**Abbreviations:** BMI, body mass index; DM, diabetes mellitus.
